Recently, calcium phosphate cements have been considered in medicine and dentistry because of their excellent biocompatibility and advantages in situ handling and shaping abilities. Nevertheless, low mechanical strength of these cements limits wider the clinical applications. The aim of this work was the synthesis of chitosan/brushite powders for preparing the calcium phosphate cements. The synthesis of brushite was carried out in the chitosan matrix from calcium chloride and sodium phosphate at moderate pH of 4 and then dried from 60 to 100°C. The obtained powders were characterized by XRD and FT-IR technique. With increasing the drying temperature, phase of dicalcium phosphate anhydrous increased. Moreover, FTIR indicate the bands attributable to chitosan and brushite. The brushite synthesized using this route was used to be a starting powder for calcium phosphate cement (CPC). To prepare CPC, the mixture of chitisan/brushite and a-tricalcium phosphate powders was mixed with various liquid phases and then cured at 100 humidity for 7 d The compressive strength of the cements was determined to evaluate the potential use for the bone cement. Cements formed with chitosan/brushite dried at 100°C had the greatest compressive strength of all cement tests. The improvement of compressive strength seemed to depend on the affinity of chitosan incorporated in the cements.
Introduction
New biomaterials were developed to replicate the nature materials such as bone. The synthetic methods based on reaction at low temperature are great interesting in the preparation of biomaterials.
1)-2) Bioactive molecules can be incorporated during the synthesis route and inorganic particles built in a polymeric matrix can be prepared. The morphology and properties of the obtained materials depend on the degree of interaction of the inorganic part with the polymer template. The nature of polymer matrix should facilitate to interact with the host tissue. Therefore, the combination of a calcium phosphate with many different polymers constitutes a growing field of research of bone/cartilage substitution. Chitosan and its derivatives are great interesting in orthopedic/periodontal applications ranging from wound dressing, contact lenses, drug delivery systems and tissue engineering.
3)-5) Juan Pena and his colleagues reported the bioactive chitosan/apatite powders and adherent coating synthesized by a co-precipitation method and an alkaline transformation at room temperature into calcium-deficient apatite/chitosan mixtures. 6 ), 7) Powders containing from 35 to 80 of inorganic filler could be prepared. Dicalcium phosphate dihydrate (CaHPO 4 2H 2 O, DCPD) or brushite has a Ca/P ratio of unity. DCPD is used as a precursor for synthesizing HA.
8)-10) Brushite forms at an initial pH of 5 at a temperature of 37°C or at a pH 6 with the temperature lowered to 25°C. 11) Calcium phosphate cements (CPCs) possess an additional characteristic in shaping in-situ operation. The cement formulations are powder mixtures of tetracalcium phosphate (TTCP) and dicalcium phosphate anhydride (DCPA) or dicalcium phosphate dihydrate (DCPD) or b-tricalcium phosphate (b-TCP), which react in the presence of water to form hydroxyapatite without any acidic or basic byproducts. 12) Tricalcium phosphate (Ca 3 (PO 4 ) 2 ) reacts with DCPD (CaHPO 4 2H 2 O) to give a final product with an apatite. However, the critical problem of low mechanical strengths and low wash-out resistance in calcium phosphate bioceramics encouraged researchers to reinforce the ceramics with polymers. The advantage of these types of cements is biocompatibility and in situ handling ability due to the addition of certain polymers. Many researchers have attempted to use various Ca-P phases which yield a calcium-deficient HA phase similar to bone mineral. Amorphous calcium phosphate (ACP)-filled polymer which ACP released Ca 2＋ and PO [2] [3] [4] ions in proportions favorable to the formation of HA was studied.
13), 14) Chitosan and its derivatives have a great number of biomedical fields such as wound dressings, drug delivery and tissue engineering by outstanding properties in bioactivity, antimicrobial activity. 15 ), 16) The aim of this works is to obtain chitosan/brushite (C/ B) powders from low cost precursors at room temperature. The chitosan/brushite powders obtained in this study were used for preparation of calcium phosphate bone cement. Brushite without chitosan obtained by the same method was also prepared for comparison with the CPCs in this study.
2. Experimental procedure 2.1 Synthesis of chitosan/brushite nanopowders and characterization The starting materials, CaCl 2 2H 2 O and Na 2 HPO 4 were obtained from Riedel-de Ha äen and used as Ca and P precursors, respectively. The brushite (DCPD) was prepared in accordance with the method described earlier with some modification. 15) Briefly, 1 wt chitosan was mixed with 0.5 M aqueous solution of CaCl 2 2H 2 O under stirring for 1 h. The mixture solution was added dropwise by 0.5 M solution Na 2 HPO 4 under stirring at ambient temperature. The pH of the mixture solution was adjusted to 4 by adding conc. HCl. After stirring for an hour, the suspension was filtered and washed with deionized water to pH of 7 and dried in oven at 60, 80, and 100°C for 12 h. The crystallinity of the powders was analyzed by X-ray diffraction (XRD) in Bruker AXS model 5005 diffractometer. Particle morphology of the obtained sample was observed by scanning in a JEOL model JEE 400 electron microscopy (SEM). Fourier transform infrared (FTIR) spectroscopy was performed to determine the various functional groups in the synthesized powders.
Preparation of calcium phosphate cement (CPC)
a-TCP powder was prepared by heating an equimolar mixture of commercially obtained CaHPO 4 and CaCO 3 (Riedel-de Ha äen and Carlo ERBA reagent, respectively) at 1350°C for 3 h. in an electric furnace. The CPC powder was prepared by mixing 5 and 10 wt of the synthesized chitosan/brushite powder with a-TCP. The deionized water, 2 and 4wt Na 2 HPO 4 solutions were used as the cement liquids with the liquid/ powder ratio of 0.3 ml/g.
Testing methods
CPC specimens for compressive strength tests were prepared by mixing CPC powder and liquid in a mortar for approximately 30 s. and the cement paste was packed into a split mould (6 mm diameter×12 mm height). After removing the specimens from moulds, they are placed in an incubator kept at 37°C and 100 humidity. Compressive strength tests of specimens were carried out by a universal testing machine (Instron 5565, Marlin) after curing for 7 d. The diameter and length of each specimen were measured with a micrometer, and the specimens were crushed at a loading rate of 1 mm/min. The compressive strength value was the average values obtained from six specimens. Brushite powder without chitosan, which was synthesized by the same method, was used as CPC powder for comparison with the chitosan/brushite cement.
Characterization of the CPCs
After crushing the specimens, the crystallinity of the CPCs was analyzed by X-ray diffraction (XRD) in Bruker AXS model 5005 diffractometer. Fracture surfaces of the CPC samples were observed by scanning electron microscope (SEM).
In Vitro cytotoxicity: Extraction and cell viability
(ISO 10993-5: 1999 (E)) Five samples were tested: cements containing of 5 and 10wt of chitosan/brushite powder heated at 100°C with 4wt Na 2 HPO 4 solution, blank culture media (reagent control), Thermanox cover slips (negative control materials, which does not produce a cytotoxic respond in accordance with ISO 10993) and Portex positive control plastic strip (positive control material, which provides a reproducible cytotoxic respond in accordance with ISO 10993). The purpose of the negative control and the positive control are to demonstrate background respond and to demonstrate appropriate test system response. The cement specimens were cylindrical-shape with dimensions of 0.6×1 cm height and six specimens were tested for each material. Human osteoblast cells were seeded with 6.8×10 4 cells/ml. Each specimen was immersed in a well and extracted overnight in the incubator to accumulate any possible harmful leach-out in the medium. On the second day of the experiment, the medium from each well containing the cells was removed and cells were incubated in the extracts for 4 days. Cells were dyed by the natural red and photographed by using a phase contrast microscope (Leica DMIL, MPS 60), and then prepared for the cell viability assay.
Results and discussion
The XRD patterns of the heat-treated powders at 60, 80 and 100°C are presented in Fig. 1(a) , respectively. XRD patterns of the heat-treated powders at 60 and 80°C show peaks at 2u＝11.8, 29.3°corresponding to crystalline brushite. After heat-treated at 100°C, XRD pattern appears dicalcium phosphate anhydrous (CaHPO 4 , DCPA), as shown in Fig. 1(a) . It is indicated that DCPD was heated at 100°C and able to convert to DCPA. However, the wide peak at approximate 20°2u as assigned to chitosan does not appear in the XRD pattern of all samples. The FTIR spectra obtained from the heat-treated powders synthesized in the 
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JCSJapan Rattanachan et al.: Synthesis of chitosan/brushite powders for bone cement composites presence of chitosan are shown in Fig. 1(b) . The presence of chitosan complicates the characterization spectra of brushite obtained as its bands overlap those that can be attributed to the presence of chitosan in the brushite structure. The appearance of a band at 875 cm -1 (CO
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n 2 mode) notices in chitosan containing samples. 6) In addition, the appearance of a band at 1649 cm -1 (H-O-H bending of lattice water molecules) and 1135, 1065, 987 cm -1 (P-O stretching) are also appreciable in brushite. 14) Moreover, the hydroxyl bands (3282-3166 cm -1 ) can be appreciated for all powders.
The SEM micrographs of the heat-treated powders are shown in Fig. 2 . The synthesized powders are plate-like particles and average particles size is around 10-30 mm. The average particle size of all heat-treated powders is not different significantly.
The compressive strengths of CPCs containing of chitosan/brushite powder heat-treated at 60 and 80°C was lower than that of the synthesized powder heat-treated at 100°C as shown in Fig. 3 . With 4wt Na 2 HPO 4 solution as the liquid of the CPC, the compressive strength of specimens increased. With 4 wt Na 2 HPO 4 solution, compressive strength of the CPCs without chitosan /brushite powder heated-treated at 100°C was 14.5 MPa while that of the CPCs with chitosan/brushite was 19.5 MPa (Fig. 3a) . After mixing the cement powder with chitosan addition and liquid components, the cements had a"chewing-gum-like"consistency that could be high handling ability. The setting time of the CPC with chitosan/brushite (60°C) slightly increased, however, the setting time decreased with adding 4wt Na 2 HPO 4 as a catalyst ( Table 1) . The CPC setting reaction reduced the solubility of chitosan, leading to be hardened of the cement paste. Figure 4 displays the scanning electon microscope microphotograps of the fracture surfaces of the CPCs after curing for 7 d in 100 humidity at 37°C. Spherical composed of thin needles of HA precipitated on surfaces of the starting powder at 7 d (Fig. 4 (a-c) ) and plate-like crystals were observed on the CPCs with 4wt Na 2 HPO 4 (Fig. 4 (e-f) ). SEM micrographs of the CPC with the chitosan/brushite heat-treated at 100°C and 4wt Na 2 HPO 4 showed that the plate-shaped crystals had larger than that of the other CPCs. With increasing the amount of chitosan/brushite, large plate crystals were observed (Fig. 5) . Plate crystals form the crystalline entanglement responsible for the mechanical strength of the cements. XRD analysis of the CPCs containing of chitosan/brushite heat-treated at various temperatures Table 1 . Setting Time of the CPCs Containing of 95a-TCP＋5C/ B Samples for L/P Ratio of 0.3 ml/g Fig. 4 . SEM micrographs for comparison of the CPCs containing of 95a-TCP＋5C/B with various heat-treatments and water and 4 wt Na 2 HPO 4 as liquid phases (Abbreviations: TCP＝Alpha-tricalcium phosphate, C/B＝Chitosan/Brushite). showed the mixing of phases of hydroxyapatite, a-TCP and a small amount of DCPD (Figs. 6 and 7) . The diffraction characteristic peaks appeared at around 2u＝25.8°and 31.86°in the CPCs correspond to the peaks of HA powder. 18) It indicated that the starting CPC powders were converted to hydroxyapatite incompletely within 7 d curing.
17)
The rate of a-TCP to HA conversion was slighty faster in the presence of 4wt Na 2 HPO 4 (Fig. 7) . The trace amounts of DCPD and DCPA in the cement were almost disappeared. The solubility diagram depicts the change in the concentration of ionic species with the respect to the pH of the solution. In this study, CPCs are composed of a-TCP and DCPD/DCPA at a given pH, dissolve in an aqueous environment to produce a supersaturated solution as the final product. The thermodynamic behavior of several calcium phosphate compounds can be described in terms of a solubility diagram in the system Ca(OH) 2 -H 3 PO 4 -H 2 O (Fig. 8) , where singular points mark the condition under which two compounds will exist in equilibrium. 19) At a given pH, the lower the isotherm lies, the more stable the salt. In this study, a mixture of DCPD and DCPA with a-TCP has a singular point near pH 8.5 and 9.0, respectively. The most stable calcium phosphate at that pH is HA, and so it will trend to precipitate. When 4wt Na 2 HPO 4 solution used as the liquid component, pH of the mixture reached to 9.0, which is a singular point of DCPA and a-TCP. It is indicate that DCPA dissolved and the level of supersatulation of the solution was faster than DCPD. The cement with chitosan/ brushite heated at 100°C converted to HA faster than that of the cement with others ( Fig. 7) and corresponding to the larger plate-shaped crystals in Fig 5c and f. Cells culture in the CPCs containing chitosan/brushite (100°C) extracts for 4 d displays a normal, spread and polygonal morphology heathly compared to the controls (Fig. 9) . This was consistent with the quantitative cell viability results in (Fig. 9(f) ), where the cell viability was substantially higher, compared to the negative. In this study, it was evaluated that the CPCs with chitosan/brushite powder was not cytotoxicity.
Conclusion
In this study, chitosan/brushite powders were synthesized by the low cost precursors and at room temperature. The heat-treated powders at 60, 80 and 100°C were studied for opportunity uses in bone substitute/cement. Compressive strength of the CPCs, containing of chitosan/brushite heat-treated at 100°C, was higher than that of heat-treated at 60 and 80°C. It can be indicated that the compressive strength was improved by content of chitosan and DCPA in chitosan/brushite powder in this study. Additions of chitosan/brushite were deleterious for the setting of a-TCP cement in this work. The setting of the cements, which showed the initial and final setting times of 3 and 7 min, respectively, containing of chitosan/brushite (100°C) was reduced with 4wt Na 2 HPO 4 . The additions of chitosan/ brushite powder to the calcium phosphate cement provided the high handling ability and the high mechanical strength.
